Understanding the key questions of

radiation combined injuries (RCI)
i

Institute of Combined Injury, State Key Laboratory
Third Military Medical University
| Chongging 400038, China
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Key questions of RCI

e Severer, and earlier shock -- death
causing
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 Refractory wound healing

e Hematopoiesis suppression &
reconstruction -- affect all of the
clinic duration

e Extensive and severe Gl damage
(mechanical & immune barfier)s
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Our goals

Radiation Combined Injury

g

¢ Hematopoiesis ¢|ntestine

¢ \Wound ¢ Shock

Combined Effect & its mechanism

g

Rescue & Treatment
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1. Hematopoiesis
suppression & reconstruction

* Elucidated the mechanism of
magekaryocyte (Meg) damage after RCI

* A new type of fusion protein stimulating
thrombopolesis was developed and
tested in animals.
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Unsolved questions

« Comprehensive studies on
granulocytes and erythrocytes, but
rarely on megakaryocyte/platelet

 Limited regimen available for
accelerating thrombogenesis
comparing to that for other lineages
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* Interaction between Meg and PMN

« PMNs more active in engulfment after injury
 Injured Meg still chemoattracted PMNs

e Anti-IL8,Verapamil inhibited PMNs migration

120¢ inset
g BD/ o . Meg
a / dicropanaus manbrana
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3 ?
(2]
20
. D . . /N, normal
| PMN/Meg:  N/N I N N/l 1, injury
. Migration of PMNs towards Meg Transwell assay
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Gene expression of Meg after IR

IL-3
e | Genes that stimulate the H 15(Gy)

proliferation of meg
— IL-3, IL-3R, GM-CSF, IL-6

e T Genes that inhibit the proliferation
of meg

— TNFa, TNFaR, TGFB1 el

« | TFs that regulate meg developmen

i s s GATA -1
(MRNA & protein)
N S—— it * NF-E2
— GATA-1, NF-E2, Fli-1
i il ——— Fll'l

N 5 10  15(Gy)
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New ty type of fusion protein stimulating
thrombogenesis(FPST)

R e ——————

Purification I

Expression

[ —

TPO mimetic
peptide fused
to growth factor




Induction Purification HPLC '

The MW was as expected
and a.a. sequence confirmed
by N-terminal sequencing
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The distribution of FPST after 1.v.
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The highest conc. of 125 | labeled FPST is In
blood within 3h after i.v. and there after In
BM., where it take effect.
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Test the Immunogenicity of FPST

groups ELISA gel diffusion
OVA+adjuvent x4 1.1512** +
FPST+adjuventx4 0.009 -
FPST 40ug/dx15d 0.007 -

No obvious Immunogenicity detectable
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Bioactivity of FPST tested in vitro |

Significantly increase the production of CFU-Meg '
Supportive effect on CFU-E and CFU-GM

CFU-Meg
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Bloactivity of FPST tested in vivo
(10Gy+15%TBSAIIl )
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Treated W|th FPS

Untreated

Promote the hematopoiesis recovery accompanied !
by more newly produced Meg from extremely
severe radiation-burn combined injury
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. Peripheral platelet increased

400 pl atl et

| (X10%)
330 — | -11
M** +FPS]-

250
150 T

100 T

50

0)
0] 2 4 6 8 10 13 15 20d

time post i njury (day)

' better than 1L-11
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2.Damage and repair
of Intestinal epithelium

 The molecules determining the
combined effect in intestinal epithelium
were clarified

« New measurements to prevent and treat
gastrointestinal tract injury were
proposed.
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GEArray Q Series Mouse Gene Array

p53 pathway showed changes in expression after IR
— mdm2, puma, Cyclin D, Gadd45 tuned up

‘NF-kB pathway showed changes in expression after IR
- NF-kB2, RelA, |-kB, A20 tuned up
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. p53 play an important role in the damage
of Intestine epithelium

The expression and DNA
binding capacity of P53

U '™ a4 8 12 24(h)
g -
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Normal 12Gy IR . .
TUNEL for apoptosis in intestine v DNA binding
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: NF-kB and its related genes changed in crypt after 12Gy IR

Ol e g g™ 19 oa(h)
oy

._’ o — < P-Akt
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| — — Beta-actin

' H H H . - NF-kB complex)

The transactivity of NF-KB increased significantly and the
upstream p-Akt slightly , ERK1,2 were phospharylated
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It was found that the damage to intestinal
epithelium (IE) was severer in radiation
injury than in RCI and the mechanism of

this alleviative effect was deciphered

—



Proteomical study depicted the candidate genes

32 differentially expressed proteins revealed
by 2-D gel eletrophoresis were analyzed by MS.
After IR the expression of Peroxiredoxin 1, ERp29
(Endoplasmic reticulum protein) increased in both
In vitro and In vivo models
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Apoptosis after 10Gy IR
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l Burn
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tPrx-1in IE
t proliferation L Apoptosis

N

Alleviative Effect In IE
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Pathological changs of intestinal epithelium after RCI
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' Antibacterial peptide, human defensins5—clone and
expression

HD-5 broad antimicrobial activity against

\ various bacteria and yeast in vitro

| Neutralize endotoxin
Do not disturb the homeostasis of

Intestine microbial

Do not digested by intestine enzymes
li
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 Antibacterial act|V|ty of recombinant hD-5 supernatant
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Pseudomonas aeruglnosa
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50...=vol. (ul) of supp. after induction
Arrows show the least effective doses




Pathological changes of yeast after rhD-5 treatment

|

Normal candida albicans

Z Candida albicans 3h after treated by rHD-5
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Glucagon-like peptide-2 (GLP-2)

o | EXxpression after radiation injury(8Gy)

| 1
{ Hexose transport |

R - O W
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- = | Enteroendocrine
+
u
ndocrin

 Exogenous GLP-2
— 1 MAPK activation

— 1 BrdU incorporation

— 1 Cyclin D1 expression

— 11.E. repair (better than EGF)
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| Combining methods in managing Gl injury

Mutated GLP-2 clone Cloned HD-5

A

Chitosan nano-particle
packaged vector (P.O.)

' Structure repair—enhancing immunity of intestinal mucosa
{;
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Promoted IE repair by GLP-2—HD-5 after RCI
(10 Gy+15% III ) (BrdU stamlng)

Normal ctrl vector Double genes
4;
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GLP-2—HD-5 co-expression reduced the gut-borne infection

0.2 O Chitosan/GLP-hD 3500

O Chitosan/GLP-hD

m Chitosan/v ector 3000 m Chitosan/vector

2500[
01l 2000f
1500
0.05] 1000
500[
0 0
3d 5d 7d 3d 5d 7d
Endotoxin in serum Bacteria in mesentery lymph node
1800 O Chitosan/GLP-hD 400 .
1228 m Chitosan/vector 350 0 Chitosan/GLP-hD
300 :
1200f i m Chitosan/vector
1000 20
8001 50
600[
4001 100
200( 50
0 0
3d _ 5d 7d 3 oW d
Bacteria In serum Bacteria in liver
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3. On difficult wound healing and
promoting wound closure

some of the main causes for refractory
wound of RCI were unveiled and some
effective methods to accelerate wound

closure were tested
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‘ Relationship of wound healing delay with

time point and IR dose

(1-8Gy, 3.8cm? full thickness skin removal)
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Wound healing delay not obvious when combined
with 1 ~ 3Gy , proportional to IR dose when with 4 ~

!1 6Gy. Animals died soon after 7, 8Gy IR
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Formula to describe relationship of
wound healing delay with time point and
IR dose of TBI

Y=64.139-3.703d-2.935t

Y remained wound (%)

d absorption dose (Gy)
t time after injury (day)

Useful for estimation on wound healing delay of large population
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The changes and their causing factors related with
wound healing were studied individually and collectively
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: Response of inflammatory cells : ’
: 1 |
I I
| |
: Response of repair cell :
: :
i Il
Effect of —p Effect of cytokines, ?
| — |
extracellular matrix growth factors
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The mechanism of radiation-wound combined injury was
' proposed as:
network composed by wound healing-related factors was
deregulated with cell damage as a key problem

Hematopoiesisl

!

% Number and function of 1
Iu

Direct Inflammatory cells at wound site
effect < 1
of IR

Response and effect of repair Cellsl

!
. +”feedback1 I_

Cell matrix, cytokinesl

Difficult wound healing
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Based on the proposal and referred to clinic
experience, regimen for RCI related difficult wound
healing was tested

 Phenytoin sodium

« W11-al2 (Chinese herb extracts)
* Neural growth factors

o Compressive external fixation

« Stem cell engineering
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: Applied stem cells to RCI

* Engineered skin sleeve: Amnion matrix loaded
with PDGF-A modified MSC

e Topical use of hBD2 modified dermal stem cells ’
(DSC)
| + Transplantation (1.V.) of DSC showed multifunction |
|+ CXCR4 modified MSC and DSC preferentially l
distribute to wound site
6L B ST | Rt SR k
o NS
i o & 17.15:2 :-.' x.?_‘:,;,,-._l--_.
TR Lamlmp P O

% Amnion matrix loaded with PDGF A modified MSC promote anglogene3|s
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Bone fracture fixed with pressure healed better

* Improve blood circulation locally
 Accelerate the BMP, bone formation and reconstruction

i i

Mini half-ring external Compressive Rgular fixator, 2 w
compressive fixator fixator, 12w i oY
( fracture+20Gy local IR )
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How was the difficult wound healing of soft tissue
Improved

Wound healing promoting medicine

Chemoattracting WBCs to wound site
Proliferation

of repair { |nflammatory cells at wound site
cells T l

Response of repair cells T

| ,

ECM deposition and cytokines 1

|
!

Accelerating wound healing
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eschar excision and skin grafting

Based on the idea that IR inhibit the reject
reaction of iImmune system, the determined
appropriate time for eschar excision and skin
grafting was of significance for clinical treatment

of the Injury
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Skin graft after RCI

Survival of grafted allogenic skin at day 30

Abs. dose (Gy) O 4 5 6 8*

Survivedgraft 0 10% 36% 42% 100%

*allogenic BMT at the same time
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Principle of skin grafting (1)

 Large-size partial thickness autogenic grafting with in

24h survived and mice survival rate reach 95%

 Grafted allogenic skin could not survive If grafted

during 24-72h after injury

 Grafted allogenic skin rarely survived if perform

eschar removal and skin graft during critical phase
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Principle of skin grafting (2)

 Transfusion of stored or irradiated blood may inhibit
Immune response, which may help grafted skin survival

and hematopoietic cell engraftment

 Blood circulation of grafted skin initiated at 3-4 day and

joined with acceptor’ skin around 10 days

 Skin grafting was practicable during recovery phase
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Our research focused on the key
problems in the development and
regression of RCI, theoretically the
mechanism of combined effect
was clarified and practically some
novel treatment were tested



The above advancements of our
| research are obviously meaningful for
b

on site emergency rescue and In

hospital treatment of RCI
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